Purpose The number of citations of an article is a marker of its academic influence. Several medical specialties, including orthopaedics, have ranked the articles with more citations. We identified the 50 most cited orthopaedic articles from LatinAmerica and analyzed the characteristics that made them citable. Methods Science Citation Index Expanded was searched for citations of articles originated in Latin-America, published in any of the 63 journals in the category "Orthopaedics" from 1988 to 2013. We created a list ranking the 50 most commonly cited articles and determined the citation density (Citations/ years since publication). Information noted for each article included authors, year of publication, country of origin, source journal, article type, and field of research. Results Latin-American countries were the origin of 1 % of orthopaedic articles. The top 50 most cited articles had between 29 and 150 citations (mean, 44.48); the citation density ranged from 1.43 to 15.5 citations/years (mean, 5.25). The articles were published in 19 of the 63 journals (11 general and eight sub-specialty journals), and all were published in English. Most articles (n =29) were published in 2000 or later. The majority were clinical articles (n = 40), and the most common fields were arthroscopy (n =15) and hip surgery (n =13). The top 50 articles originated mainly from Brazil (n =20) and Argentina (n =15). Conclusions This top 50 list displays articles that have become important references for the orthopaedic scientific community. Researchers may use this work to make their future publications more influential on future investigators.
Introduction
The frequency with which a scientific article is cited by other studies is one way to measure its academic influence. The number of citations that one article has received is not necessarily a measure of its quality; however, it reflects how much influence that particular study has had in generating discussion, controversy and further research in its field. Moreover, citation analysis has become a common method to evaluate scientific journals, articles or authors.
The number of publications on orthopaedic surgery has experienced a remarkable expansion; however, the influence of studies from Latin-America in the orthopaedic literature has been limited, with a relatively small number of studies published in orthopaedic journals that were conducted in LatinAmerica. Recently, multiple medical specialties have ranked articles within their fields by citation frequency [1] [2] [3] [4] [5] [6] . With regards to the orthopaedic literature, a study from Lefaivre et al. [7] recently identified which articles have been more frequently cited; in addition, other authors have specifically determined which are the most commonly cited articles in some sub-specialties, such as pediatric orthopaedics, shoulder, spine, and hand surgery [8] [9] [10] [11] . Nevertheless, none of the most frequently cited studies in either general orthopaedics or in sub-specialties were conducted in Latin-America.
To our knowledge, no studies have specifically addressed the influence of certain geographic areas or group of countries on the orthopaedic literature. The aim of this study was to identify the 50 most frequently cited orthopaedic journal articles originating in Latin-American countries and to analyse the characteristics that have made them important to the orthopaedic community. Identifying the most frequently cited Latin-American articles in the orthopaedic literature could help future research in this vast geographic area to have higher relevance to the scientific community.
Material and methods
Sixty-three journals are categorized under the topic heading of "Orthopedics" in the Institute for Scientific Information (ISI) Web of Science (Thompson Reuters, New York, New York, USA). These 63 journals include general clinical orthopaedic journals, subspecialty journals, basic science journals and physical therapy journals. The Thomson Reuters search engine provides information regarding the number of times that a particular article has been cited by other articles. In addition, the same engine allows the results to be filtered by country.
Using the Science Citation Index Expanded Database through the ISI Web of Knowledge, in July 2013, we performed a comprehensive search for article citations published in the subject category "Orthopedics" in the Journal Citation Report Science Edition from 1988 to 2013 (years available on the Science Citation Index Expanded Database), including publications in English or in any other language. We next filtered by country to exclude articles not originating from a Latin-American country, as defined by the Organization of American States Charter (Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, El Salvador, Guatemala, Haiti, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru, Uruguay and Venezuela). We additionally included articles from Puerto Rico in the search.
We first identified the 200 most frequently cited articles with an address in any of the 20 countries (and Puerto Rico) considered part of Latin-America. Each of these 200 articles was reviewed to exclude articles without a primary address or a reprint address from one of the Latin-American countries (even if one or more co-authors had an address in a LatinAmerican country); thus, we tried to avoid including articles that originated outside Latin-America, but with one or more Latin-American co-authors. Hence, the 50 most frequently cited articles originating from Latin-America were identified. In addition, we determined the citation density (total number of citations/years since publication) to adjust the results by time since publication, and we ranked the top 50 articles by the number of citations and by citation density.
The data collected for each article included the journal title, authors' names, country of origin of the authors (if there was more than one country of origin, the country of origin was considered to be that of the first author), year of publication, research type (basic science or clinical research), article subtype (original study, review article, case report, or expert opinion), and the field of research (general orthopaedics or sub-specialties: hip and knee arthroplasty, sports medicine and arthroscopy, spine, pediatric orthopaedics, hand and upper extremity, foot and ankle, orthopaedic oncology, physical therapy and rehabilitation).
A correlation analysis (Pearson) of the impact factor of the journal of publication, and the number of citations was performed; in addition, we correlated the impact factor and the citation density of the top 50 articles. A value of p<0.05 was considered to be statistically significant. Data were analyzed using SPSS™ version 18 (SPSS, Chicago, IL).
Results
A total of 132,270 articles were published in orthopaedic journals between 1988 and July 2013; however, only 1,371 of those articles originated from a Latin-American country (1 %).
The number of citations for the top 50 most frequently cited Latin-American articles ranged between 29 and 150 (mean, 44.48). Ranked by citation density, the top 50 articles ranged between 1.43 and 15.5 citations/years (mean, 5.25). The most frequently cited articles, along with their authors, total number of citations and their citation density are listed in Table 1 .
All the articles were published in English and were published in 19 of the 63 journals, including 11 general orthopaedic journals and eight sub-specialty journals ( Table 2) .
The publication years of the top 50 most frequently cited articles spanned from 1988 to 2010. Two articles were published before 1990, 19 articles were published between 1990 and 1999, and 29 were published in 2000 or later.
The majority of the top 50 most frequently cited articles were clinical articles (n =40), followed by experimental articles; four articles corresponded to other categories (three reviews and one translation/validation of a score). Of the 40 clinical articles, the most frequent study design was uncontrolled case series (n =33), with only three randomized trials in the top 50 list.
The field of research of the articles was primarily sports medicine and arthroscopy (n =15), followed by hip surgery (n =13) and hand surgery (n =8), as shown in Table 3 .
With regards to the country of origin, these articles originated mainly from Brazil (n =20) and Argentina (n =15), as shown in Table 4 .
The effect of the impact factor of the journal on the ranking was evaluated using a correlation analysis; however, there was no correlation between the impact factor and the number of citations (r =−0.149; p =0.302) or the citation density (r = 0.179; p =0.214).
Discussion
Identification of the most frequently cited articles has been performed in different specialties, including orthopaedics. In this study, we identified the 50 most frequently cited articles in the orthopaedics field originating from Latin-American The number of citations an article receives is influenced by different factors, including the quality of the research or review conducted, the specific field, the overall interest of the topic, and the ability of the article to generate further research or to change clinical practice. In our study, the most frequently cited article from Latin-America had 150 citations, while a recent study by Lefaivre et al. showed that the top 100 most frequently cited articles in the orthopaedics literature citations ranged between 1,748 and 343 citations [7] . Interestingly, an analysis of the most frequently cited articles in orthopaedics [7] and in some sub-specialties [8] [9] [10] shows that the introduction of a frequently used classification or score is a major factor associated with a large number of citations and a large citation density, mainly because such classifications or scores are commonly used in the methodology of other studies. Among the top 50 most frequently cited Latin-American orthopaedic articles, only one article described a new classification [12] ; that article had the second largest number of citations in our list. The absence of more articles introducing new classifications may be one possible explanation of the relative dearth of citations for articles originating from Latin-America.
It has been noted that the country of origin is an important factor influencing the frequency with which an article is cited. In fact, the majority of the top 100 most frequently cited orthopaedic articles [7] were from the United States of America; these data are consistent with similar studies in anaesthesiology [5] , pediatrics [1] , plastic surgery [2] , general surgery [3] , emergency medicine [4] , and orthopaedic sub-specialties [8] [9] [10] . In our study, the majority of articles originated in Brazil and Argentina; however, after adjusting by population size (Table 4) , Argentina, Uruguay and Chile lead the ranking. The observed differences may be a sign of the differences in development of Latin-American countries, which may be echoed by the research maturity of their orthopaedic groups, making their studies more interesting to other authors. Of note, our list of the top 50 most frequently cited articles is composed of articles that cover different topics and extend across multiple fields. However, the majority of articles included in our ranking pertain to sports medicine and arthroscopy (n =15), hip surgery (n =13) and hand surgery (n =8). This may reflect the development of those fields in some groups in Latin-America, which allow these researchers to publish articles that have become relevant to other scientists. However, this finding may also reflect self-citations from high-volume authors, who may be prone to cite their own papers, thereby increasing their citation numbers.
The source journal was also an important factor affecting the number of citations in our study. It is not surprising that the journal in which an article is published is relevant to the likelihood that it will be cited; in fact, the impact factor of a journal is determined by the average number of citations received per paper published in that journal during the two preceding years. Moreover, it is likely that papers published in journals with higher impact factors could more easily be used as future references by other authors. Nonetheless, newer journals may have fewer opportunities to be cited, an effect not necessarily related to the quality of the journal. In addition, the phenomenon known as Bradford's law indicates that many researchers obtain their citations from a few core journals from their field of study [13] , leading to a large percentage of citations coming from a small number of journals (usually those with high impact factors). In our study, "Arthroscopy" was the source journal of 12 articles on the most frequently cited list, which, as previously discussed, may indicate the potential superior development of this subspecialty in LatinAmerica compared to other fields. However, the concentration of an important number of papers from the top 50 list in a few journals as shown in Table 2 may explain the absence of a correlation between the impact factor and the number of citations or the citation density in our top 50 list.
It is worth considering the duration that each article has been in circulation, as articles that have been in circulation for a longer time have had more opportunities for citation; this time effect poses a potential disadvantage for the most recently published articles. To address this effect, we determined the citation density, which reflects the relative impact of articles regardless of the year of publication by adjusting for time since publication. However, we based our ranking on the number of citations (and not on the citation density) to allow our study to be comparable to previous studies conducted in general orthopaedics, orthopaedic sub-specialties, and in other fields [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Nevertheless, 29 of the top 50 most frequently cited articles were published in 2000 or later. This finding may be explained because orthopaedics is strongly influenced by new technologies, but also because the easy availability of online papers make more recently published articles more likely to be cited.
There are several potential reasons to explain why LatinAmerican orthopaedic articles represent such a small proportion of the global orthopaedic literature, and the limited number of citations those articles have compared to the most influential orthopaedic articles originated in other countries. Noteworthy, all the articles in our ranking were published in English, and writing in a foreign language may be a barrier for some researchers in Latin-America. Furthermore, limited access to funding for research in Latin-American countries may be another reason explaining the low orthopaedic scientific productivity in this region. Usually, academic institutions in this geographic area set their priorities on teaching activities and clinical care; therefore, few orthopaedic surgeons in Latin-America may achieve the training to apply to grants and obtain the funding required to develop original data that would be published in high-impact journals. These funding limitations can also affect the possibility for Latin-American researchers to present their studies in international meetings, thus limiting discussion of their data before publication. Finally, another reason that may limit the number of highly cited articles may be that few orthopaedic researchers in LatinAmerica are involved in multi-center studies that could lead to recruitment of a large number of study subjects. We should highlight the need to develop policies to overcome the limitations that exist in orthopaedic research in LatinAmerica. Local universities and governmental offices should increase the stimuli and funding for research and publications in order to advance in health promotion in Latin-America. Moreover, industry may also have a role supporting novel research and travelling expenses for researchers, rather than providing support based on surgical volumes and goals.
Understanding the characteristics that make articles citable by other scientists can help researchers, institutions and governments in Latin-America to promote quality research that could become more influential for the international orthopaedic scientific community.
